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DSP- 1 2 AND DSP- 13 Dl f \l -SPIT IMC ITY PHOSPHA I ASI S 


( ROSS-RI I I Rl N( I !() Rl I A I I D APPLICATION 

This application claims the benefit of I SSN 60 I7 l ).SS6. tiled 
I ebruary T ?()0(f which is incorporated herein by reference m its cntiret>. 

The present invention relates general ly to compositions and methods 
useful for treating conditions associated with defects in cell proliferation, cell 
differentiation and or cell survival. The invention is more particulars related to dual- 
specificity protein phosphatases, and polypeptide variants thereof The present 
im ention is also related to the use of such polypeptides to identify antibodies and other 
agents, including small molecules, that modulate signal transduction leading to 
proliferative responses, cell differentiation and or cell survival. 

Background of the Invention 

Mitogen-activated protein kinases (MAP-kinases) are present as 
components of conserved cellular signal transduction pathways that have a variety of 
conserved members. MAP-kinases are activated by phosphorylation at a dual 
phosphorylation motif with the sequence Thr-\-Tyr (by MAP-kinase kinases), in which 
phosphorylation at the tyrosine and threonine residues is required for activity. 
Actu ated MAP-kinases phosphory late several transduction targets, including 
transcription lactors. inactnaiion ot MAP-kinases is mediated by depin >sphory lai ion ai 
this site by dual-specillcity [phosphatases referred to as MAP-kinase phosphatases, hi 
higher eukaryotes. the physiological role of MAP-kinase signaling has 'been correlated 
with cellular events such as proliferation, oncogenesis, development and differentiation. 
Accordingly, the ability to regulate signal transduction \ia these pathways could lead to 
the development ol treatments and preventive therapies tor human diseases associated 
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[ )ual-speci f ic in protein tvrosine phosphatases (dual-specificilv 
phosphatases) are phosphatases that dephosphorv late both phosphotv rosine and 
phosphothreonine serine residues (Walton et aL Ann Rev. Rmcliem. (>2:I01-I20. 
1995). Se\eral dual-speeit icitv phosphatases that inactivate a MAP-kinase ha\e heen 
5 identified. including MKP-I (WO 97 00515: kevse and I mslie. Xumre >V:644-f>4 7. 
IW). MKIM. MKP-x MkP-7. Ilb5 (WO 97 0624>). P.AC I (Ward et aL Xnnire 
5^~:fol-fo4. 1994). HV1I2 ((iuan and Butch. ./. />7o/ < 'hem. 2~0\1 1 97-720 3. 199s). 
PVSI'I (Croom et aL. R.MHO ./. 75:5^2 1 -5(>32. 19%) and others (see. e.,u . WO 
95 21 ( >25). I xpression of certain dual-specilicitv phosphatases is indueed hv stress or 

10 mitogens, hui otheis appear to he expressed constitute elv in spec i tic eeli t\pes. I he 
regulation of dual-speci f kit} phosphatase expression and activitv is critical tor control 
of MAP-kinase mediated cellular functions, including cell proliferation, cell 
differentiation and cell sur\i\al. l or example. dual-specitlcitv phosphatases m;i\ 
function as negative regulators ol cell proliferation. It is likelv that there are main such 

15 dual-speeit icit} phosphatases, with varving speeitleit> with regard to cell t\pe or 
aeti\ation. However, the regulation ol dual speeitleit\ phosphatases remains poorlv 
understood and onlv a relativelv small number of dual-speeilleit\ phosphatases ha\e 
been identified. 

Accordingly, there is a need in the art for an improved understanding of 
20 MAP-kinase signaling, and the regulation of dual-specif icitv phosphatases within 
MAP-kinase signaling cascades. An increased understanding of dual-specificity 

phosphatase regulation mav facilitate the development of methods lor modulating the 
activitv ol proteins involved in MAP-kinase cascades, and for treating conditions 
associated \Mlh such cascades. I he present invention fulfills these needs and further 
2 s pro\ ides other related advantages. 

Summarv of the Invention 

Hrietlv slated, the present invention piovidcs o'inp"Mti.'iis and n^an.-d 



ot DSP-12 recited in SI O ID N<):2. or a variant thereof that differs m one or more 
amino acid deletions, additions, insertions or siihstitut ions at no more than 5() n u of the 
residues in Sf O ID N():2. such that the polypeptide retains the ability to 
dephosphory late an activated MAP-kinasc. 
5 Within further aspects, the present invention provides an isolated 

polynucleotide that encodes at least ten consecutive amino acids of a polypeptide 
having a sequence corresponding to SIO ID \():2. In certain embodiments the 
invention provides an isolated polynucleotide that encodes at least fifteen consecutive 
amino acids of a polypeptide having a sequence corresponding to SIO ID NO:2. 

!0 Certain Midi poly nucleotides encode a DsP-l2 polypeptide. Still further, 
polynucleotides may he antisense polynucleotides that comprise at least 15 consecutive 
nucleotides complementary to a portion of a DSP-12 polynucleotide and or that 
deteetahly hyhridi/e to the complement of the sequence recited in SIO ID NO: I under 
conditions that include a wash in O.IX SSC and 0.l n <> SDS at 60 C for 15 minutes. 

15 Also provided are expression vectors comprising any of the foregoing polynucleotides, 
and host cells transformed or transfected with such expression vectors. 

I he present invention further provides, within other aspects, methods for 
producing a DSP- 1 2 polypeptide, comprising the steps of: (a) culturing a host cell as 
described above under conditions that permit expression of the DSP-12 polypeptide: 

20 and (h) isolating DSP-12 polypeptide from the host cell culture. 

Also provided by the present invention are isolated antibodies, and 
antigen binding fragments thereof, that specifically bind to a DSP-12 polypeptide such 
as a poly peptide hav ing the sequence of M o 1 D \< >: 2 , 

I he present invention further provides, within other aspects. 

2 s pharmaceutical compositions comprising a polypeptide, polynucleotide, antibody or 
fragment thereof as described above in combination with a physiologically acceptable 
carrier. 

Within lurther aspects, the present invention pnw Me- medial- f" r " 
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and tor a time sufficient to allow lormation ot an antibody DSP- 1 2 complex: and (b) 
detecting the lex c I of antibody DSP-12 eomplex. 

Within still other aspects, the present invention provides methods for 
detecting DSP-12 expression in a sample, comprising: (a) contacting a sample with an 
5- antisense polynucleotide as described above: and (b) detecting in the sample an amount 
of I )SP- i 2 poly nucleotide that hy bridi/es to the antisense poly nucleotide. I he amount 
of DSP-12 polvnueleotide that hv bridi/es to the antisense polvnueleotide may be 
determined, for example, using polv merase chain reaction or a hv bridi/ation assay . 

I he invention also provides DSP-12 polypeptides useful in screening 
10 assav s for modulators of en/y me activity and or substrate binding. Methods are also 
provided, within other aspects, for screening lor an agent that modulates DSP-12 
activity, comprising the steps of: (a) contacting a candidate agent with a polypeptide as 
described above, under conditions and tor a time sufficient to permit interact ion 
between the polypeptide and candidate agent: and (b) subsequently evaluating the 
15 ability of the polypeptide to dephosphory late a DSP-12 substrate, relative to a 
predetermined ability of the polypeptide to dephosphory late the DSP-12 substrate in the 
absence of candidate agent. Such methods may be performed in vitro or in a cellular 
environment U',c . within an intact cell). 

Within further aspects, methods are provided lor screening for an agent 
20 that modulates DSP-12 activity, comprising the steps of: (a) contacting a candidate 
agent with a cell comprising a DSP-12 promoter operably linked to a polynucleotide 
encoding a detectable transcript or protein, under conditions and lor a time sufficient to 
permit interaction between the promoter and candidate agent: and (b) subsequently 
evaluating the expression ot the polynucleotide, relative to a predetermined level of 
2> expression in the absence ot candidate agent. 

Also provided are methods for modulating a proliferative response in a 
cell, comprising contacting a cell w ith an agent that modulates 1 )SP- 1 2 activ ity . 

\\ irl'i- o.,-,| , .il- i . . ; i . i » . ..■ i. t .. ;., . 



I he present invention further provides methods tor modulating eel I 
sur\ iv a I. eom prising contacting a eel I with an agent that modulates I )SP- 1 2 aeti\ ity . 

Within related aspects, the present invention pro\ides methods for 
treating a patient afflicted with a disorder associated with DSP- 1 2 activity (or treatable 
5 h> administration of DSP-12). comprising administering to a patient a therapeutical ly 
effective amount of an agent that modulates DSP- 1 2 activity. Such disorders include 
Duchenne muscular dystrophy, cancer, gratt-v ersus-host disease, autoimmune diseases, 
allergies, metabolic diseases, abnormal cell growth, abnormal cell proliferation and cell 
cycle abnormalities. 

10 W ithin turther aspects. DSP- 1 2 substrate trapping mutant polypeptides 

are provided. Such polypeptides differ from the sequence recited in SI U ID NO:2 in 
one or more amino acid deletions, additions, insertions or substitutions at no more than 
50 n n of the residues in SI O ID NO:2. such that the polypeptide binds to a substrate 
vv ith an affinity that is not substantially diminished relative to DSP-12. and such that the 

15 ability of the polypeptide to dephosphory late a substrate is reduced relative to DSP- 12. 
Within certain spec i tic embodiments, a substrate trapping mutant polypeptide contains 
a substitution at position 222 or position 25."^ ot SI O ID N( ):2. 

I he present inv ention further prov ides, w ithin other aspects, methods for 
screening a molecule tor the ability to interact with DSP- 12. comprising the steps of: 

20 (a) contacting a candidate molecule with a polypeptide as described above under 
conditions and lor a time sufficient to permit the candidate molecule and polypeptide to 
interact: and (b) detecting the presence or absence ot binding ot the candidate molecule 
to the polvpeplide. I he step ot delecting ma\ comprise, lor example, an affinity 
purification step, a yeast two In brid screen or a screen of a phage display library . 

2^ In another aspect, the present invention provides isolated DSP-H 

polypeptides having the sequence ot DSP-M recited in SI () ID \(>:0. or a variant 
thereof that differs in one or more amino acid deletions, additions, insertions t <r 

. nh .1 it 1 1 1 i, -n ■ if n - ' mi : ■ ili s- ii" t i h . v . : I. i ■ Vl f I 1 1 > s. ( « i ^ u- r I- 
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Within further aspects, the present invention provides an isolated 
polynucleotide that encodes at least ten eonseeuti\e amino acids of a polypeptide 
haviny a sequence corresponding to SI O ID N():(>. In certain embodiments the 
invention provides an isolated polynucleotide (hat encodes at least fifteen consecutive 

5 amino acids of a polypeptide having a sequence corresponding to SI ( ) II) N():0. 
Certain such polynucleotides encode a I ) S T - 1 3 polypeptide. Still turlher. 
poly nucleotides may be antisense poly nucleotides that comprise at least l> consecutive 
nucleotides complementary to a portion of a I )S P- 1 > polynucleotide and or that 
deteetably hybridi/e to the complement ot the sequence recited in SI ( ) II) N():5 under 

!! conditions ihai include a wash in 0.1 X SS( and O.Tn SDS at oO ( tor 15 minutes. 
Also pros ided arc expression vectors comprising any of the foreuoiiiij [Polynucleotides, 
and host cells translormed or transfected with such expression vectors. 

I he present invention further provides, within other aspects, methods for 
producing a DSP-13 polypeptide, comprising the steps of: (a) eulturinu a host cell as 

5 described above under conditions thai permit expression of the DSP-I .> poly peptide: 
and { b} isolating I )SI ) - 1 o poly peptide from the host cell culture. 

Also provided by the present invention are isolated antibodies, and 
antigen binding fragments thereof, that speeilleally bind to a DSP-l o polypeptide such 
as a polypeptide ha\ ing the sequence of SI. () II) \( ):o. 

0 I he present invention further provides, within other aspects, 

pharmaceutical compositions comprising a polypeptide, polynucleotide, antibody or 
fragment thereof us described above in combination with a physiologically acceptable 
carrier. 

Within further aspects, the present invention provides methods lor 
^ detecting Dsp-I.i expression in a sample, comprising: iai contacting a sample with an 
antibody or an antmen-hindinL: fragment thereot as described above, under conditions 
and tor a time sullicicnt to allow formation ot an antibody |)SP-| > complex: and <bi 
delecting the level of antibody DM'- 1 > eomplex 



antisense polynucleotide as described above: and (h) detecting in the sample an amount 
ot DSI'-I > poly nut leotide that hy hi idizes to the antisense polynucleotide. I he amount 
of DSP-l > polynucleotide that hybridizes to the antisense polynucleotide may he 
determined, tor example, using polymerase chain reaction or a In hridi/ation assay. 
5 I he invention also prov ides DSP-lo poly peptides useful in screening 

assavs lor modulators ol 'enzyme acti\it\ and or substrate binding. Methods ate also 
provided, within other aspects, for screening tor an agent that modulates DSP- 1 > 
activity, comprising the steps ol: (a) contacting a candidate agent with a polypeptide as 
described abo\e. under conditions and lor a time sufficient to permit interaction 

10 between the polypeptide and candidate agent: and <b) subsequently evaluating the 
ability of the polypeptide to dephosphory late a DSP- 1 3 substrate, relative to a 
predetermined ability of the polypeptide to dephosphory late the DSP- 1 > substrate in the 
absence of candidate agent. Such methods may be performed /// viiro or in a cellular 
em ironment ( cog; . w ithin an intact cell ). 

15 Within further aspects, methods are provided for screening for an agent 

that modulates DSP-1> activity, comprising the steps of: (a) contacting a candidate 
agent with a cell comprising a DSP- 1 3 promoter operably linked to a polynucleotide 
encoding a detectable transcript or protein, under conditions and for a time sufficient to 
permit interaction between the promoter and candidate agent: and (h) subsequently 

20 evaluating the expression of the polynucleotide, relative to a predetermined level of 
expression in the absence ot candidate agent. 

\ls.< provided arc methods tor modulating a proliferative response in a 
cell. comprising contacting a eell w ith an agent that modulates I )SP- 1 > activ ity . 

Within lurlher aspects, methods arc provided tor modulating 

25 ditlerentiation ot a cell, comprising contacting a cell w ith an agent that modulates I )SP- 
I o act iv ity . 

I he present invention further provides methods tor modulating cell 
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by administration ot 1 )SP- 1 3 ). comprising administering to a patient a therapeutically 
effective amount ot an agent that modulates DSP-M activity. Sueh disorders include 
Duehenne muscular dystrophy, cancer. graft-v ersus-host disease, autoimmune diseases, 
allergies, metabolic diseases, abnormal cell growth, abnormal cell proliferation and cell 
5 cycle abnormalities. 

W ithin further aspects. Dsl'-I.^ substrate trapping mutant polypeptides 
are provided. Such polypeptides differ from the sequence recited in SI O II) N( ):b in 
one or mure amino acid deletions, additions, insertions or substitutions at no more than 
50" n of the residues in SIO ID N():0. such that the polypeptide binds to a substrate 

10 w ith an affinity that is not substantial!} diminished relativ e to I )SI > - 1 and such that the 
ability of the polypeptide to dephosphoi \ late a substrate is reduced relative to DSO-I v 
Within certain specific embodiments, a substrate trapping mutant polypeptide contains 
a substitution at position or position >00 ot SI O II ) N( ):(>. 

I he present invention further provides, within other aspects, methods for 

1? screening a molecule for the ability to interact with DSP- 13. comprising the steps of: 
(a) contacting a candidate molecule with a polypeptide as described above under 
conditions and tor a time sufficient to permit the candidate molecule and polypeptide to 
interact: and (b) detecting the presence or absence of binding of the candidate molecule 
to the polypeptide. I he step of detecting may comprise, tor example, an affnitv 

20 puritication step, a yeast two hybrid screen or a screen of a phage display library. 

Ihese and other aspects ol the present invention will become apparent 
up«>n reference n 1 the following detailed description and attached drawings. \li 
references disclosed herein are herein incorporated by reference in their entirely as it 
2.*^ eaeli was incorporated individually. 

Rriet I k'scription ot the I )raw ings 

| I..,:.- ■ 1 n... ■ - > , MS *\ -I- ' ■ IK!' 1 1 Si I ) Hi S M ' -1 



1 igurc 2 presents the predicted amino acid sequence ol DS p- 1 2 (M O 11) 

N( )::». 

I igure o presents a eDNA sequence fur DSP-H (SI (J 11) \<):5). with 
the start and stop codons indicated in hold. 
5 1 ■ i lz Lire 4 presents the ptedieted amino aeid sequence of 1 )Sl ) - 1 > (Si O 11) 

\( ):M. 

1 ■ igure 5 shows a el)N \ sequence for a DSP-l^ alternate splice variant 
(SI O II) \():7). with the start and stop codons indicated in hold (Ml:. 5A): fig. 51* 
shows the predicted amino aeid sequence (SI U II) N():X) of the DSP-M alternate 
0 splice variant encoded by SI ( ) II) N( ) 7. 

figure h is a sequence alignment showing sequence similarity between 
DSP- 1 2. DSP- 1 > and other MAP-kuuise phosphatases. 

f igure 7 is a sequence alignment of full length DSP- 1 2 ( SI O II) N( ):2) 
and DSP-I .> (SI () ID N( ):(>) amino acid sequences. 

s 

Detailed Description of the Invention 

As noted above, the present invention is generally directed to 
compositions and methods for modulating (i.e.. stimulating or inhibiting) cellular 
proliferative responses. /// vitro and /;/ v/ro. in particular, the present invention 
0 provides dual-spec ilieitv phosphatases DSP-12 (figures 1-2; SI O ID \()s:l-2) and 
DNI'-H (figures 2>-4: SI O ID N()S:5-ft). as well as variants thereof and antibodies that 
•qiecihcallv hind DsP-! 1 or l)\P-l o \|so provided herein are methods lor usine siidi 
compounds loi reenv detection assa' s and related therapeutic uses. 

5 DSP- 1 2 \\i » DM*- 1> P< u v. I'M 1 1 idi s v\n h >n \ i i i 1 1 > i ii >i s 

■\-. used herein, the term "DSP- 12 polypeptide" refers to a polypeptide 

that comprises ;i DsP-12 sCLjuenee as provided herein or a variant ot such a sequence, 
.i.i .... i v- i > i s . i . • ' : . * . ■ , . - i i . . i . n v o ' 
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or a DSP- 1 substrate, with an a cl i \ i t > that is not substantial!) diminished relative to 
that of a tuM length native l)Sl>-i: or DSP-lv I )SP- 1 2 substrata and DSP-M 
substrates include activated (/c, phosphor) latcd ) \1 AP-kinases. Other substrates mav 
be identified using substrate trapping mutants, as described herein, and include 
5 pol\ peptides having one or more phosphor) luted tvrosine. threonine and or serine 
residues. 

DSP-12 polypeptide variants and I )SP- 1 polypeptide variants within 
the scope of the present invention mav contain one or more substitutions, deletions, 
additions and or insertions. I or certain DSP-12 and or DSP-P variants, the abilitv ot 

!0 the variant to dephosphoi \ iate tvrosine and threonine residues within a DSP- 12 
substrate or a DSP-!.} substrate is not substantial!) diminished. I he abilitv ot such a 
DSP-12 variant or a DSP-l > variant to dephosphoi) late tvrosine and threonine residues 
within a DSP- 1 2 substrate or a l)SP-l> substrate ma\ be enhanced or unchanged, 
relative to a native DSP-12 or a native DSP-Lv or ma) be diminished bv less than 50 ( \,. 

I 5 and preterabl) less than 20° o. relativ e to nativ e I )SP- 12 or DSP- 1 V Such v ariants ma) 
be identified using the representative assavs prov ided herein. 

Also contemplated bv the present invention are modified forms ot DSP- 
12 and or DSP-1^ in which a specific function is disabled, i or example, such proteins 
ma) be constitutive!) active or inactive, or mav displa) altered binding or catalvtic 

20 properties. Such altered proteins mav be generated using well known techniques, and 
the altered function confirmed using screens such as those provided herein. Certain 
modified DSP-12 and or 1)SP-|> polypeptides are known a- AuhMralc trapping 
mutants." Sudi polvpeptides retain the abilitv to bind a substrate </i K is not 
substantially diminished i. hut displa) a reduced abilitv to dephosphor) iate a substrate 

2 s iir . k ; . is reduced, preterabl) to le-s than 1 per minute). 1 urther. the stability ot the 
substrate trapping mutant substrate complex should not be substantia!!) diminished, 
relative to the stability of a DSP-12 substrate complex or a DsP-| > substrate complex. 
( omplex stabilitv mav be assessed based on the i- s s mt i, >p ..n,i«n' <^ ■ 
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Worth Publishers. \ Y) and assays provided herein. Substrate trapping mutants may be 
generated, tor example. by modifying DSP- 1 2 with an amino acid substitution at 
position 222 or position 25o (c g.. by rcplac i niz the amino aeid aspartate at position 222 
with an alanine residue, or by replacing the cysteine at residue 25.> with a serine). 
5 Substrate trapping mutants may be generated, tor example. by modifying DSP-I o with 
an amino aeid substitution at position onX or position ^oe) (c; s ' . In replacing the ammo 
aeid aspartate at position .>6X with an alanine residue, or by replacing the cysteine at 
residue .^W with a serine). Substrate trapping mutants may be used, tor example, to 
identify DSP-12 substrates or DSP-l > substrates. Rrietly. the modified DSP-12 or 

10 DSP-H may be eontaeted with a eandidate substrate (alone or within a mixture of 
proteins, sueh as a eell extraet) to permit the formation id" a substrate 'DSP- 1 2 complex 
or a substrate DSP-1 > complex. I he complex may then be isolated by conventional 
techniques to permit the isolation and characterization ot substrate. I he preparation 
and use of substrate trapping mutants is described, tor example, within PCI Publication 

15 \o W O s>X 04712. 

Preferably a \ ar i ant contains conservative substitutions. A 
"conservative substitution" is one in which an amino acid is substituted for another 
amino acid that has similar properties, such that one skilled in the art of peptide 
chemistry would expect the secondary structure and hydropathic nature of the 

20 polypeptide to be substantially unchanged. Amino acid substitutions may generally be 
made on the basis of similarity in polarity, charge, solubility, hydrophobieity . 
hvdrophilicitv and or the amphipathic nature ot the residues. I or example, negatively 
charged amino acids include aspartic acid and glutamic acid; (Positively chained amnio 
adds include lysine and arginine: and amino acids with uncharged polar head groups 

2.5 having similar hy drophi 1 icily values include leucine, isoieucme and valine; glycine and 
alanine; asparagine and glutamine; and serine, threonine, phenylalanine and tyrosine. 
Other groups of amino ;k ids that may represent conserv ativ e changes include: ( I I a la. 
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In general. modifications may he more readily made in non-critical 
regions, which arc regions of the nati\c sequence that do not substantially change the 
activity of DSP- 1 2 or DSP- 1 v Non-critical regions may he identified by modifying the 
I >SP- 1 2 or DSP-M sequence in a particular region and assaying the ability ot the 
5 resulting \arianl in a phosphatase assay, as described herein. Preferred sequence 
modifications arc made so as to retain the active site domain 
(CI. VI IC KMC A SKSAS I VI.WWl: SI O II) \( ):.>). Within certain preferred 
embodiments, such modifications affect interactions between DSP-12 or DSP-I > and 
cellular components other than DSP- 1 2 substrates or DSP-lo substrates. However. 

10 substitutions may also be made in critical regions of the native protein, provided that 
the resulting variant substantially retains the ability to stimulate substrate 
dephosphorv lation. Within certain embodiments, a variant contains substitutions, 
deletions, additions and or insertions at no mote than 50° o. preferably no more than 
25" o. of the amino acid residues 

15 Variants may also (or alternatively) be modified by. tor example, the 

deletion or addition of amino acids that have minimal influence on the activity of the 
polypeptide. In particular, variants may contain additional amino acid sequences at the 
amino and or carbow termini. Such sequences may be used, for example, to facilitate 
purification or detection of the polypeptide. 

20 DSP-12 and or DSP-I. > polypeptides may be prepared using any of a 

variety of well known techniques. Recombinant polypeptides encoded by l)\ A 
sequences as described hch>w mav be readtb prepared from the I )\ \ sequences usinc 
anv i«t a varieiv of expression vectors known to those of urdinary skill in the art. 
I xpression mav be achieved in anv appropriate host cell that has been t ransformcd or 

2.^ transfectcd with an expression vector containing a I )\ \ mi d ee u I e that encodes a 
recombinant polypeptide. Suitable host cells include prokarvotes. yeast and higher 

cukarvotk cells, and forms tM.it differ in c K eos\ Lit ion may be generated bv vary iih.' the 

i . , ,n , . . » ; ' . . " , . s • - , * : i 1 i . . . ... 
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concentrate may he applied to a suitable purification matrix such as an affinity matrix or 
an ion exchange resin. finally, one or more re\ erse phase I MM C steps can he employed 
to further purify a recombinant polypeptide. 

Portions and other \ariants having lewer than about 100 amino acids. 
5 and generally fewer than about 50 amino acids. may also be generated by synthetic 
means. using techniques well known to those of ordinary skill in the art. for example, 
such polypeptides may be synthesized using any of the commercially a\ailable solid- 
phase techniques, such as the Mcrritield solid-phase synthesis method, where amino 
acids are sequentially added to a growing amino acid chain. \tv Mcrritield. ./. Am. 

10 ( 'he})} Sot Vv2 1 4 l >-2 1 -10. I%5. I quipment for automated sy nthesis of poly peptides is 
commercially a\ailable from suppliers such as Applied BioSy stems. Inc. (foster City. 
( A), and may he operated according to the manufacturer's instructions. 

A "DSP- 12 polynucleotide" is any polynucleotide that encodes at least a 
portion of a I )SP- 1 2 poly peptide or a \ ariant thereof, or that is complementary to such a 

15 polynucleotide, A "DSP-15 polynucleotide" is any poly nucleotide that encodes at least 
a portion of a DSP-I > polypeptide or a \ ariant thereof, or that is complementary to such 
a polynucleotide. Preferred polynucleotides comprise at least 15 consecuti\e 
nucleotides, preferably at least 50 consecutive nucleotides, that encode a DSP- 1 2 
polypeptide or a DSP-15 polypeptide or that are complementary to such a sequence. 

20 Certain polynucleotides encode a DsP-12 polypeptide or a DSP- 1 5 polypeptide: others 
may find use as probes, primers or antisense oligonucleotides, as described below. 
Polynucleotides may be simjle-strandcd (coding or antisense) or double-stranded, and 
may be D\ \ (genomic. cD\ \ or s\nihetic) or K\ \ molecules. \Jdttional coding or 
non-coding sequences may. but need not. be present within a polynucleotide ot the 

2.5 present invention, and a polynucleotide may. but need not. be linked to other molecules 
and or support materials. 

DSp-12 polynucleotides and or DSp-l > polv nucleotides may comprise a 
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the activity of the eneoJeJ polypeptide is not substantial ly diminished, as described 
above. I he elteet on the activity oj the encoded polypeptide may generally he assessed 
as deserihed herein, Variants preferably exhibit at least about 70° <» identity, more 
preferably at least about <X0 n ( , identity and most preferably at least about W u .» identity to 

s a polynucleotide sequence that encodes a native DSP-12 or a portion thereof, or to a 
polynucleotide sequence that encodes a native DSP-H 01 a portion thereof. I tie 
percent identity may be readily determined by comparing sequences using computer 
algorithms well known to those of ordinary skill in the art. such as Align or the BI AS I 
algorithm (Altsehul. ./ Moi Biol :/V:^>-Mo. |W|: Henikolf and Ilenikofi. /W. 

0 Suil .!((/(/ .So/. i'S.i Sv:iwi>|OW|^ |W2). which is available at the NCBI website 
(hup: www ncbi.nlm.nih.gov cgi-bin BI AS I }. Default parameters may be used. 
Certain variants are substantially homologous to a native gene. Such poly nucleotide 
variants are capable of hybridizing under moderately stringent conditions to a naturally 
occurring DN A or RN A sequenee encoding a native DSP- 1 2 (or a complementary 

5 sequence) or a native DSP-lo (or a complementary sequenee}. Suitable moderately 
stringent conditions include prew ashing in a solution of 5 X SSC. 0.s n <> SDS. 1.0 m\l 
[ Dl \ (pll S.0); hybridizing at 50 C-65 C. ^ X SSC. overnight: followed by washing 
twice at fo C for 20 minutes with each of 2\. 0.5X and 0.2X SSC containing 0.1°,, 
SDS. 1 or additional stringency . conditions may include a wash inO.lX SSC and 0. 1 "n 

o SDS at 60 ( ' for I 5 minutes. 

It will be appreciated by those having ordinary skill in the art that, as a 
result of the degeneracy of the genetic code, there arc main nucleotide sequences that 
encode a polypeptide as described herein. Sfine ot these polynucleotides bear minimal 
homology to (he nucleotide sequence ot any native gene. Nonetheless, polynucleotides 

^ that varv due to differences in ^odon usage ate specifically contemplated by the present 
inv ention. 

Polynucleotides mav be prepared using anv ot a variety ot techniques. 
1 or example, a polv nuclei 'tide inav he amplified from J>\\ pivvtiv.l 1 ""'t^ 1 - 
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approach. sequcncc-spcci 1 1c primers may be designed based on (he sequences provided 
herein, and may he purchased or synthesized. 

An amplified portion may he used to isolate a tuli length gene Ironi a 
suitable library (e<g. human brain, testis, kidney. 1 1\ er or skeletal muscle el )\.\ ) using 

s well known techniques. Within such techniques, a library (el)\A or genomic) is 
screened using one or more pol\ nucleotide probes or primers suitable lor amplification. 
Lrcfcrabb. a library is size-selected to include larger molecules. Random primed 
libraries max also be preferred tor identifying 5' and upstream regions of genes, 
(ienomic libraries are preferred lor obtaining nitrons and extending v sequences. 

w i or h\ hridi/alion techniques, a partial sequence may be labeled (eg;, by 

nick-translation or end-labeling with 1 ' T> using well known techniques A bacterial or 
bacteriophage librar\ ma\ then be screened by hybridizing filters containing denatured 
bacterial colonics (or lawns containing phage plaques) with the labeled probe i.wv 
Sambrook et aL Molecular C/oniny A Idhoraforv .Manual. Cold Spring Harbor 

5 Laboratories. Cold Spring Harbor. NY. 1^X ( ^). Hybridizing colonies or plaques arc 
selected and expanded, and the l)N A is isolated lor further analysis. Clones may be 
analyzed to determine the amount of additional sequence by. for example. LCR using a 
primer from the partial sequence and a primer from the \eetor. Restriction maps and 
partial sequences may be generated to identify one or more overlapping clones. A full 

U length cl)\A molecule can be generated by ligatmg suitable fragments, using well 
know n techniques. 

\lternuti\el\. there arc numcrom. amplification techniques ha obtaining 
a full length coding sequence from a partial J)\ \ sequence. \\ ithin aidi technique-, 
amplification is generally performed \ la L( R. < >ne such technique is known ;h "rapid 

^ amplification of el )N \ ends" or R \CI . 1 his technique in\ol\es the use of an internal 
primer and an external primer, which hybridize ^ to a poly \ region or vector sequence, 
to identify sequences that are v and of a hiow n sequence. \n\ of a variety of 
commcrcialb available kits max he m-ed p.M-hwm th,- '"mM" .r. - • ■ 
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the target sequence at temperatures of about 54 (' to ^2 ('. I he amplified region ma\ 
be sequenced as described above, and o\ or kipp i n l: sequences assembled into a 
contiguous sequence. 

A cl)\ A sequence encoding DSP-12 is provided in I igurc 1 (SI (J II) 
5 and die predicted amino acid sequence is provided in f igure 2 (SI O II) NO:2}. 

I he DSP-12 active site i( 1 A I K KMC A SRv\S I VIA YAM: SI O II) NO: ^ is Ideated 
at positions 24s> through 2M of SI O II) NO:2 (figure 7). Sequence information 
immediatelv adjacent to this site was used to design 5' and x' K AC I reactions with 
human skeletal muscle and testis cDNA to identifv a 1.656 base pair cl)N \ that 

10 corresponds to a inKNA that is ubiquitouslv expressed in a varietv ot tissues examined. 
I his cDNA encodes a protein of 552 amino acids that is referred to herein as DSP- 1 2. 
DSP- 1 2 shows significant homologv to other MAP-kinase phosphatases, as shown bv 
the sequence comparison presented in f igure 6. 

A cDNA sequence encoding DSP- 1 > is provided in figure > (SI O ID 

I 5 N( ):5 ). and the predicted amino acid sequence is prov ided in figure 4 ( Si O II ) N( ):6 ). 
The DSP-12 active site (CI A I iC KMC ASKS AS I \ I \ V.\M: SI O ID N'( ):}). is located 
at positions 2 ( f5 through 415 of SfO ID NO:6 (figure 7). Sequence information 
immediatelv adjacent to this site was used to design 5' and 5" K AC f reactions with 
human skeletal muscle and testis cDNA to identifv a L527 base pair cDNA that 

26 corresponds to a mKN A that is ubiquitous]) expressed in a varietv of tissues examined 
I his cDNA encodes a protein of 5()o amino acids that is referred to herein as DSP-I 2v 
l)Sp-l ^ shows significant homo|og\ to other M \P-kmase phosphatases, as shown b; 
the sequence comparison presented in I igurc 6. \n alternate spike valiant o( DSP-I 
is caicoded In a ""2^ base pan cDN V which encodes a protein ot 24 1 amino acids 

25 ( Hguiv i. 

DSP-12 polv nucleotide valiants and DSP-I 2 polynucleotide variants 
mav gcnerallv be prepared b\ am method known in the art. including, lor example. 

solid phase chemi. d • * nth- i \i n\ ^ - ■ - ' 1 • ' 
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or/// vivo transcription ot sequences encoding DSP-I2 and or DSR-l.vor portion 

thereof pnwided thai the DNA is incorporated into a \eetor with a suitable RNA 
polymerase promoter (such as 17 or SRO). Certain poly nucleotides may he used to 
prepare an encoded polypeptide, as described herein. In addition, or alternativ ely . a 
5 polynucleotide may he administered to a patient such that the encoded polypeptide is 
generated /// r/\o. 

A polynucleotide that is complementary to at least a portion of a coding 
sequence (c^. an antisense polynucleotide or a ribo/yme) may also he used as a probe 
or primer, or to modulate gene expression. Identification of oligonucleotides and 

0 riho/ymes for use as antisense agents, and DNA encoding genes lor their targeted 
deliver\. in\ol\e methods well known in the art. I or example, the desirable properties, 
lengths and other characteristics ol such oligonucleotides are well known. .Antisense 
oligonucleotides are typically designed to resist degradation by endogenous nucleolytic 
en/ymes by using such linkages as: phosphoi oth ioate. methy Iphosphonate. sulfone. 

5 sulfate, ketyl. phosphorodithioate. phosphoram idate. phosphate esters, and other such 
linkages {.sec. e.i: . Agrwal et al.. Tetrahedron Lett. JV7o> ( M542 (l l >S7): Miller et aL 
./ Am i'hem Soe. ( A*:6(o7-6Wo (1071): Stec et ah. ie/rahedron Lett. 2^:2 I 0 | -2 i 04 
<|0X5l: Moody et al.. XucL Aeuh Res /2:47f>0-47N2 ( 1 *>S^>: I /nanski et al.. A//r/ 
Acii/s Key (I0X0>; I etsinger et al.. letrohedron V^:l.w-I4.> <M>N4>: I ckstein. Anna 

0 AVr. tttoehem .^:3o7-402 (10X5): 1 ckstein. /rends luol Sei N: { )1- 1 00 (I 0X0 ); Stem 
In: Oi i^odeoxvHueieotiiies Ant/sense Inlnhi/ors of dene L.\f)re^io?L Cohen. I d. 
Macmillan Pre-. I ondon. pp. ^-IT MONO); .freer et a! . Hhhhemistn 2A~^2^-^24o 

\ntisense pol\ nudo »l ides ;irc o 1 1 uon uc le» »t ides that bind in a sequencc- 
specific manner to nucleic acids. Mich as mRN \ or DNA. When bound to mRN \ that 
has complementary sequences, antisense pre\enls translation ol the mRN \ {.see. e y. . 
I .s. Patent No NloX.n^ to \fman ct af: 1 .V Patent No. Nlou | to hiouye. I .V 

I » 1 1 m i ' \ . . s 1 s i ) 1 r . [ ^ m r i i I \ P .!..,. t v v " 1 1 V " / . o ' v . ■ : . i ' ■ ' 
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l)\ A forming a colincar triplex molecule. thereby preventing transcript ii >n imv. c g . 
I ,S. Patent No. 5. 1 7f>/^6 to I logan et aL which describes methods lor making 
sy nthetie o I iyonuclcot itlcs that bind to target sites on duplex I )N A ). 

Particularly useful antisense nucleotides and triplex molecules are 

5 molecules that are complementary to or hind the sense strand of I )\ A or mKN A that 
encodes a DSP-12 polypeptide or a DSP-L polypeptide 01 a protein mediating any 
other process related to expression ol endogenous I )S [*- 1 2 and or DSP-I v such that 
inhibition ol translation of mR\ A encoding the DSP-12 polypeptide or the DSP-L 
polypeptide is affected. cDNA constructs that can he transcribed into antisense K\ A 

<S may also be introduced into ceils or tissues to facilitate the production of antisense 
R\ A. Antisense technology can be used to control gene expression through 
mterterence with binding of polymerases, transcription factors or other regulatory 
molecules (.see dee et aL /// 1 1 u her and Carr. Molecular anil Immunologic Approaches. 
I utura Publishing C o. (Mt. kiseo. NV: IW)). . A lternati\ cly . an antisense molecule 

5 may be designed to hy hridi/e vv ith a control region of a DSP-12 gene or a DSP- 1 .> gene 
(c e . promoter, enhancer or transcription initiation site), and block transcription id the 
gene: or to block translation b\ inhibiting binding of a transcript to ribosomes. 

I he present invention also contemplates DSP- 1 2-speci lie and DSP-L- 
specific ribo/\nies. A ribo/vme is an R\A molecule that specifically cleaves RNA 

0 substrates, such as mR\ A. resulting in specific inhibition or interference with cellular 
gene expression. I here are at least the known classes ol ribo/ymes in\ol\ed in the 
cleavage and or ligation of R\ \ chains. Ribo/ymes can he targeted to any l\\ \ 
transcript and can catalvticallv cleave sue h Uan^ciipts i * t , . I .V Paten! \o. 

•.:^:L(L: 1 s. Patent No. \| 1-lnb); and I .V Patent \os. 5.I^S.t)^v 5.ISifNIS. 

^ * . I \ <c" \: and to (cch eta!.). Any DSP- 1 2 mR\ \-speeitie ribo/yme ot 
DSP-lo mR\.A-specitic ribo/vme. or a nucleic acid encoding such a ribo/yme. may he 
delivered to a host cell to etlect inhibition of DsP-12 or DsP-L gene expression. 
Rib- w mes ma\ thereh <re he deliv ercd t< > Hie ho^u clK h\ 1 )\ \ m. ■■ |i- < - u 



Any polyiuic leotidc ma} be further modified to increase stability /// wvo. 
Possible modifications include, hut are not limited to. the addition of flanking 
sequences at the 5' and or " ends; the use ot phosphorothioate or 2' ( >-methy I rather 
than phosphodiesterase linkages in the backbone: and or the inclusion ot nontraditiona! 
5 bases such as inosine. queosine and vvvhutosine. as well as acetyl- methyl-, thio- and 
< 'l her modi tied tonus of adenine, cy tidine. guanine. thy mine and undine. 

Nucleotide sequences as described herein may be joined to a variety ol 
other nucleotide sequences using established recombinant I)\A techniques. lor 
example, a polynucleotide may be cloned into any of a variety ol cloning vectors, 
lu u i e I u ci i r i l! piasinids. phagem ids. iambda phage deri\ati\es and eosinids. Vectors ot 
particular interest include expression vectors, replication vectors, probe generation 
\ectors and sequencing vectors. In ueneral. a suitable \eetor contains an origin of 
replication functional in at least one oiganism. convenient restriction endonuclease sites 
and one or more selectable markers. ( Mher elements will depend upon the desired use. 
15 and \\ ill he apparent to those of ordinal} skill in the art. 

W ithin certain embodiments, polynucleotides may be formulated so as to 
permit entry into a cell of a mammal, and expression therein. Such formulations are 
particularly useful for therapeutic purposes, as described below. I hose of ordinary skill 
in the art will appreciate that there are many ways to achieve expression of a 
20 polynucleotide in a target cell, and any suitable method may he employed. lor 
example, a polynucleotide may be incorporated into a \ iral vector using well known 
technique-*. \ viral vector imo additionally transfer or incorporate a gene t>w a 
selectable marker do aid in the identification or selection of transduced celh) and or a 
targeting nioielv. sudi as a gene (hat encodes a ligand lor a receptor on a specific target 
25 cell, to render the vector target specific, targeting may also he accomplished using an 
antibody. h\ methods known to those of ordinary skill in the art. 

( Mher formulations for therapeutic purposes include colloidal dispersion 
systems. Mich as macromolecu le complexes nanoeapsiilev m : - » • n,, < •• * l-«.->! t 
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vivit is a liposome (/V. an artificial membrane vesicle}. I lie preparation and use oi 

Midi sv stems is well known in the art. 

\\ ithin other aspects, a DSP- 1 2 promoter or a DSP- 1 > promoter mav be 

isolated using standard techniques. I he present invention provides nucleic aeid 
5 molecules comprising such a promoter or one or more eis- or trans-acting regulator} 

elements thereof. Such regulator} elements mav enhance or suppress expression ot 

DSP- 12 or DSP-I C A >' Hank in u region mav he generated using standard techniques. 

based on t he genomic sequence provided herein. It necessary additional ^' sequences 

mav be generated using PCK-hased or other standard methods. I he 5* region mav be 
u subeioned and sequenced using standard methods. Primer extension and or RNase 

protection analvses mav be used to verifv the transcriptional start site deduced from the 

cl)\ A. 

l o define the boundarv o t the promoter region, putative promoter inserts 
of varving si/cs mav he subeioned into a heterologous expression system containing a 

5 suitable reporter gene without a promoter or enhancer. Suitable reporter genes mav 
include genes encoding lueiferase. beta-galactosidase. chloramphenicol acetv! 
transferase, secreted alkaline phosphatase or the (ireen Huorcscent Protein gene. 
Suitable expression sv stems are well known and mav be prepared using well known 
techniques or obtained commercially internal deletion constructs mav be generated 

() using unique internal restriction sites or bv partial digestion of non-unique restriction 
sites. Constructs mav then be transtected into cells that displav high levels ot DSP- 1 2 
and or I )Sp- 1 > expression. In general, the construct w ith the minimal v flanking region 
show mil' the highest level ot expression of reporter gene is identified as the promoter. 
SuJi promoter regions mav be linked to a reporter gene and used to evaluate agents lor 

^ the abihtv to modulate DSP- ! 2 and or DSP- 1 ; transcript ion. 

Once a functional promoter is identified, eis- and trans-acting elements 
ma\ be located. Ois-acting sequences mav general!} be identified based on homology 
to pre v i ■ 1 1 1 s 1 \ eliaractei'i/ed t rails, n m ion 1 1 moiif- ( oo mi" >o . ■ u - 



techniques or a PC R-based strategy. I he altered promoter is then eloneJ into a reporter 
Liene expression vector, as described above, and the elleet ot the mutation on reporter 
iiene expression is e\aluated. 

I he present invention also eontemplates the use ol allelic \ariants of 

5 DSP- 1 2 and DSP- 1 V as well as DsP-12 and DSP-12 sequences from other organisms. 
Sueh sequences may general!} he identified hased upon similarity to the sequences 
provided herein <e.,e . using by hi idi/at ion techniques) and hased upon the presence of 
DSP-12 aetiv itv and or DSP-I > aetiv itv. using an assay pro\ ided herein. 

In general, polypeptides and polynucleotides as deserihed herein are 

0 isolated. An "isolated" polypeptide or polynucleotide is one that is removed Irom its 
original environment. I or example, a natural!} -occurring protein is isolated il it is 
separated from some or all ot'the coexisting materials in the natural system. Preferably, 
such polypeptides are at least about l )() l, u pure, more prelerahly at least about ^5°o pure 
and most preferahlv at least about ( ^ n ,, pure. A polynucleotide is considered to be 

5 isolated it", lor example, it is cloned into a vector that is not a part ot the natural 
env ironmcnt. 

A ss \ v, s | < >|< | )| 1 1 ( i i\ t , I >sp- 1 2 \\i ) DsP-i ;. \( 1 1\ i n 

DSP-12 polypeptide variants may be tested tor DSP- 1 2 activity, and 

0 DSP-lx polypeptide variants may be tested lor DSP-I 2 activity, using any suitable 
assay tor \1 AP-kinase phosphatase activity. Such assays may be performed /// vitro or 
within .i cell-based ;bsi\ lor example, a \1\P-kinasc may be obtained in inactive 
lorm Irom IpMate H iotec hnofry I I ake Placid. \Y: catalog number ! M l >X>. 
Phosphorv lam mi ot the M\P-kinase can he pertornied using well known technique-. 

5 ('.uch as those described by /heng and ( man. ./ Ihol ('hem 2'- V I f> 1 I <>- 1 h ! M>. I { ) { ) ^ ) 
u - i 1 1 o i( lc \| AP-kinase kinase Ml- k- 1 (available from I pstate Biotechnology; cat. no. 
I i-2<H>). Radiolabeled substrate mav be used tor the kinase reaction, resulting in 
r ,| ,l- v l:..i , - 1 ; v !'■■ i \M IU in , .. \ DM' i ^ - i- - ; i - ■ iKn ^ ■■ i. . .; I 
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conditions w ;e\. Iris, pi I 7.5. I mM I Dl A. I niM dithioihrcitol. ! nig ml ho\ me 
scrum albumin for 10 minutes at 50 ( : or as described by / lien li and (man. J Il/oi 
Chcm 2^V!M10-IMI0 I ( W|. I )ephosphory lation nf 'the MAP-kinase may he 
detected usin^ any ol a \ariety ot assays, such as a coupled kinase assay (evaluating 
> phosphorv la! loti of a M \P-kinasc suhstrate using any assay generally known in the art) 
or directh. based on (h the loss of radioacti\e [phosphate groups (c c f by pel 
electrophoresis, followed by autoradiography): (2) the shift in eleetrophoretic mobility 
following dephosphory lation; (5) the loss of reactivity with an antihodv specific lor 
phosphotv rosine or phosphothreonine: or (4) a phosphoamino acid analysis ol the 

io MAP-kinase. Certain assays may generally be performed as described by W ard et af. 
.W///v .>Y>"h5l-(o4. 1094 or Alcssi et af. Oncogene \:20 I 5-2020. I00.C In general, 
contact of 500 pg - 50 ng of DSP-12 or DSP-I5 polypeptide with lOOng - 100 ug 
acti\ated MAP-kinase should result in a detectable dephosphory lation of the M AP- 
kmase. t\picall\ within 20-50 minutes. Within certain embodiments. ().()! - |u 

15 units ml (preferably about 0 1 units ml . where a unit is an amount sufficient to 
dephosphory late I nmol substrate per minute) DSP-12 or DSP-15 polypeptide may he 
contacted with 0.1 - 10 uM (preferably about I uM) actuated MAP-kinase to produce a 
detectable dephosphory lation of a MAP-kinase. Preferably, a DSP-12 or DSP-15 
polypeptide results in dephosphory lation of a MAP-kinase or a phosphory lated 

20 substrate (such as a t\rosine- and or scrine-phosphory lated peptide) that is at least as 
great as the dephosphory lation observed in the presence of a comparable amount of 
native human DSp-12 or DSP-I v It will be apparent that other substrates identified 
usiiiL' a Mihstratc trapping mutant as described herein ma\ be substituted f"i the M \P 
kinase w itlun such assay s. 
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\lso contemplated by the present invention arc peptides. polypeptides 
and other n->n-tviMide n^lroi!-. '1m ..-v. !h au Mn \ t , ikp m ., . ikp < - 



unrelated sequence or a sequence of a different dual-specil icily phosphatase. Similarly, 
a molecule in said to "specifically hind" ti> I )SP- 1 ; if it reacts at a delectable le\ et w ith 
l>SP-l.\ and does not react detcctahly with peptides containing an unrelated sequence 
or a sequence of a different dual-speci t icit\ phosphatase. Such binduiL- properties ma> 

5 ucneralK be assessed using an I 1 ISA. which may be readily perlormed by those oi 
ordinary skill in the art. Preferred binding molecules include antibodies (which may be. 
for example, polyclonal, monoclonal, single chain, chimeric. anti-idioty pic or ('I)R- 
iiralted). Certain preferred antibodies are those antibodies that inhibit or Mock DSP- 1 2 
and or DSP-l > acti\ ity within an in vitro assa>. as described herein. 

{) Antibodies ma\ generally be prepared by an\ ol a \aricty ot techniques 

using isolated nati\e or recombinant DSP-12 protein, or recombinant DSP-l ^ protein, 
as antigen. Such techniques are known to those ha\ing ordinary skill in the art (see. 
,■<-, Harlow and lane. Aniihoilics A I.ahora/orv .!/</////<//. Cold Spring Harbor 
I aborator\. 1 1 >SS ). In one such technique, an immunogen comprising a DSP-12 

5 pol\ peptide (or a DSP-l > polypeptide) is initially injected into a suitable animal (eg'., 
mice. rats, rabbits, sheep and goats}, preferably according to a predetermined schedule 
incorporating one or more booster immunizations, and the animals are bled 
periodically Polyclonal antibodies specific for the polypeptide may then be purified 
from such antisera by. for example, aftmity chromatography using the polypeptide 

0 coupled to a suitable solid support. 

Monoclonal antibodies specilic (or DSP-12 or a \ariant thereof, or tor 
DSP-l ; ur a \ariant thereof, may be prepared, tor example, usimj the technique ot 
kohler and Mtlstem. / ■ ur A innfunwi 'olI-M 1 '. l tr <>. and impro\ cmcnts thereto, 
iinclh. these methods m\o|\e the preparation ot immortal cell lines capable ot 

^ producing antibodies ha\ ing the desired specificity we. ieacti\ ity w ith the polypeptide 
ot interest). Such cell lines may be produced, for example, trom spleen cells obtained 
from an animal immunized as described abo\ e. I he spleen ,elN are then imm< utali/ed 
b\. lor example, fusion with a m\eloma cell (u-i-mi p;if t n,- r prefer tbK ..m-- 'ha i 
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low densitv on a selective medium that supports the growth ot hybrid cells, hut not 
mveloma cells. A preferred selection technique uses II A I ( by poxanthinc. aminoptcrin. 
thymidine) selection. After a sufficient time. usually about I to 2 weeks, colonics of 
hvhrids are observed. Single colonies are selected and tested for binding activity 
5 against the polypeptide. Hybridomas ha\ mil: hiyh reactivity and specificity are 
preferred. Hybridomas that generate monoclonal antibodies that specifically bind to 
DSP- 1 2 (or that specifically bind to I )SP- 1 3 ) are contemplated by the present invention. 

Monoclonal antibodies nun be isolated from the supernatants of i;row iny 
hybridoma colonies. In addition, various techniques may be employed to enhance the 
iu yield, such as miection ol the hy hridoma cell line into the peritoneal ca\ ily ol a suitable 
vertebrate host, such as a mouse. Monoclonal antibodies may then be harvested from 
the ascites fluid or the blood. Contaminants may be removed from the antibodies by 
conventional techniques, such as chromatography, yel filtration, precipitation, and 
extraction. 

15 Within certain embodiments, the use ot antigen-binding fragments of 

antibodies mav be preferred. Such fragments include lab fragments, which nun be 
prepared usinii standard techniques (o /a . hy digestion with papain to yield bah and 1 c 
fragments). I he l ab and le fragments may be separated by affinity chromatography 
(e c' . on protein A head columns). using standard techniques. 

2u Polyclonal and monoclonal antibodies may be used for the affinity 

isolation of DSP-12 or DSP-13 polypeptides, lechniques tor allinity purification ol a 
poly peptide arc w ell know n in the art i wv c e I lerman^on. ( i I . et a I.. " I m niobili/cd 
\ltmit\ I iLMiid lechniques." Vadcmk hc-v Inc. i\cw Vak. I t,l, jr Briefly, an 
antibodv ur antigen-binding fragment thereof mav be immobilized on a solid support 

2.5 material, which is then contacted with a sample comprising the polypeptide ot interest, 
i olfowinu separation from the remainder ot the sample, the polypeptide is then released 
from the immobilized antibodv . 
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(ertain aspects ot the present invention provide methods that cmplox 
antibodies raised against DSP-12 or DSP-l.v or hx bridizing polynucleotides, tor 
diagnostic and assax purposes, ('crtain assax s invoke using an antibodx or other agent 
5 to detect the presence or absence of DSP-12 or DSP-H. or proteolytic fragments 
thereof. Alternativ ek . nucleic acid encoding I >S P- 1 2 or DSP-lo max be detected, 
using standard hybridization and or PC K techniques. Suitable probes and primers max 
be designed b\ those having ordinary skill in the art based on the DSP-12 and DSP- 1 ^ 
eDNA sequences provided herein. Assays max generally be performed using any ol a 

10 variety ol 'samples obtained from a biological source, such as eukaryotic cells, bacteria. 
\ i ruses, extracts prepared from such organisms and fluids iou\u\ within Iking 
organisms. Biological samples that may be obtained from a patient include blood 
samples. biopsy specimens, tissue explants. organ cultures and other tissue or cell 
preparations. A patient or biological source may be a human or non-human animal, a 

15 primary cell culture or culture adapted cell line including but not limited to genetically 
engineered cell lines that max contain chromosomal ly integrated or episomal 
recombinant nucleic acid sequences, immortalized or immortalizable cell lines, somatic 
cell hybrid cell lines, differentiated or dilferentiatable cell lines, transformed cell lines 
and the like. In certain preferred embodiments of the invention, a patient may be 
20 suspected ot ha\ing or being at risk tor having a disease associated with altered cellular 
signal transduction, or max be known to be tree ot a risk for or presence ot such as 
disease. 

I . » dcUvt I )sp - 1 2 pi - 'lein or DM'- ! ; protein, the reagent i- ty pk a 1 k an 
antibodx. which max be prepared as described below. I here are a variety of assay 
2 s formats know iHo those hav mg ordinary skill in the art lor using an antibody to detect a 
polxpeptide in a sample. \v. e /z liarlow and lane. .Innhndns A I iih< >fii!< >r\ 
Miimiiii ( old Spring Harbor lahoiatorx. ! 1 > S S . lor example, the assay max be 
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allowed to react with the antibod). I he presence of the antihodv on the memhrane ma) 
then be detected usiny a siiitahle detection reagent, as described below. 

In another embodiment, the assav involves the use of antibod) 
inunohi li/ed on a solid support to hind to the target I )SP- 1 2 < < *r I )SP- 1 > ) and remo\ e it 

^ from the remainder ol the sample. I he bound DSP-12 (or DSP-To ma) then he 
detected usini: a second antihodv or reagent that contains a reporter invup. 
Alternative!), a competitive assav mav be utilized, in which a DSP-12 or DSP-M 
pol\ peptide is labeled with a reporter ^roup and allowed to hind to the immobilized 
antibod} after incubation of the antibod) with the sample. I he extent to which 

0 o 'iiijM Micnis of die sampie inhibit the binding ot the labeled polypeptide to the antibod) 
is indicative o! the react i\ it \ of the sample with the immobilized antibod). and as a 
result, indicative of the level of DSP- 1 2 or DSP-I > in the sample. 

I he solid support mav be an\ material known to those ot ordinal*} skill 
in the art to which the antibod) mav he attached, such as a test well in a microliter plate. 

5 a nitrocellulose filter or another suitable membrane. A itcrnativ c!\ . the support mav he a 
bead or disc, such as dass. fiberglass, latex or a plastic such as polw\rcnc or 
polw in) Ichloride. I he antibod) ma) he immobilized on the solid support us mil: a 
varielv ol techniques known to those in the art. which are ampl) described in the patent 
and scientific literature. 

0 in certain embodiments, the assa} for detection of DSP- 1 2 or DSP- 1 in 

a sample is a two-antibod) sandwich assa). This assa} mav he performed h\ first 
contacting an antihodv that has been immobilized *>n a solid support, commonl) the 
well ot a microliter plate, with the biological sample, Midi that DSP-I2 (or D^P-I M 
within tlie sample is allowed to bind to the immobilized antibod) (a >u minute 

^ incubation time at room temperature is general I) sutlicient). I nhound sample is then 
removed from the immobilized DSP-12 antihodv complexes (or DSP-ls antibod) 
complexes) and a second antihodv (containing a reporter L't'oiip Midi as an en/vme. dvc. 
radionuclide, luminescent i ._"n<up. fluorescent stomp oi- hiotini . .ipahl.- ,a Km. 1m.. t 



the specific reporter *jnuip. lor radioactive groups, scintillation counting or 
autoradiographic methods are gencralK appropriate. Spectroscopic methods ma\ he 
used to detect dves. luminescent groups and tluorescenl groups. Hiotm mav he deteeted 
using a\idin. eoupled to a different reporter group leomnionK a radioactive or 
5 fluorescent group or an en/\ine). f n/vmc reporter groups n 1 a > general l\ he deteeted bv 
the addition of substrate ( general l> lor a spec! tic period o| time), ioliowed bv 
spectroscopic or other analvsis of the reaetion products. Standards and standard 
additions ma> be used to determine the level of DSP- 1 2 or DSP-H in a sample, using 
well know n techniques. 

ii) in a related aspect ot the present invention, kits tor detecting DSP- 1 2 (or 

DSP- 1 3 > and DSP- 1 2 (or DSP- 1 >) phosphatase aclivitv are provided. Such kits mav he 
designed lor detecting the level ot DSI ) -I2 (or DSP- 1 3) or nucleic acid encoding DSP- 
12 (or DSP-I or ma> detect phosphatase activitv ot " DSP- 1 2 (or DSP-i;>) in a direct 
[phosphatase assav or a coupled phosphatase assav. In general, the kits ol the present 

15 invention comprise one or more containers enclosing elements, such as reagents or 
buffers, to he used in the assav. 

A kit tor detecting the level of DSP-12 (or DSP-I or nucleic acid 
encoding DSP-12 (or DSP- 1 >). npicallv contains a reagent that hinds to the DSP-12 (or 
DSP- 1 >> protein. I )NA or R\ A. lo detect nucleic acid encoding DSP-12 (or DSP- 1 > ). 

20 the reagent mav he a nucleic acid probe or a PC K primer. I o detect DSP-12 or DSP- 13 
protein, the reagent is tvpicallv an antibodv. Such kits also contain a reporter group 
-unable tor direct or indirect detection ot the reagent we the reporter group mav be 
co\alcntlv bound to the reagent or max be bound to a second molecule, such as Protein 
\. Piotein Ci. immunoglobulin or lectin, which is itsell capable ot binding to the 

2.5 reagent). Suitable reporter groups include, hut are not limited to. cn/vmcs < e <g . 
horseradish peroxidase), substrates, eolaetors. inhibitors. dves. radionuclides, 
luminescent groups, fluorescent groups and bioiin. Such reporter groups mav be used 
to direelb or indireetlv delect binding <-t ihe recent r. > - >n->l ■ •■ 



kits (or detecting Dsp-12 activ ity typically comprise a DSP-12 substrate 
in combination with a suitable buffer: similarly, kits lor detecting DSP-12 activity 
tvpicallv comprise a DSP- 1 2 substrate in combination with a suitable buffer. DSP- 12 
acti\it\ or DSP-H acti\it\ mav be specifically detected by performing an 

5 immunoprecipitation step w itli a I )SP- 1 2 -spec i tic (or a 1 )SP- 1 2-specitic ) antibody prior 
to performing a phosphatase assay as described above. Other reagents tor use in 
detecting dephosphory lation of substrate may also be provided. 

Within certain diagnostic assays, a proli terat i\ e disorder may be detected 
in a patient based on the presence of" an altered DSP- 1 2 or DSP- 1 2. or an altered le\el 

0 of DSP- 12 expression or ol DSP- Is expression. for example, an antibod) may 
distinguish between a wild-type DSP-12 and an altered DSP-12 having a variation in 
amino acid sequence, or between a wild-type DSP-12 and an altered DSP-12 having a 
\ ari at it >n in amino acid sequence Such a variation max be indicative of the presence ot 
a proliferative disorder, or of susceptibility to such a disorder. Hybridization and 

5 amplification techniques may be similarl y used to detect modified DSP-12 or DSP- 1 2 
sequences. 

Mi i lit ins i ( n< I Di \ i in im . \li>i'i i \ i< »Rs mi DSP- 1 2 \\D DSP- 1 2 \< www 

In one aspect of the present invention. DSP-12 or DSP-12 polypeptides 
U mav be used to identify agents thai modulate DSP activity. Such agents mav inhibit or 
enhance signal transduction via a MAP-kinase cascade, leading to cell proliferation. 

\n agent that modulates DSP-12 or DsP-|> activity may alter expression and or 
stability of DSP-12 or |)sp-l I>sP-l2 or DSP- ! > protein activity and or the ability ot 
|)Sp - 1 2 or 1 )Sp- 1 > to dcphosphoi \ late a substrate. Agents that mav be h reened within 
^ such assays include, but arc not limited to. antibodies and antigen-binding fragments 
thereof, competing peptides that represent, tor example, a catalytic site or a dual 
phosphorylation motif, antisense polynucleotides and ribo/ymcs that interfere with 
transcription jnd or translation of |)Sp-| ' or |)sP-l ; ind oMv n -ti..- d -n \ ■ or : 
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( andidate agents tor use iti a method of sawn i ml: tor a modulator of 
1 )SP- 1 J! or I )SP- i > according to the present in\ enth mi mav he pro\ ided as "I ihraries" or 
collections of compounds, compositions or molecules. Such molecules tvpicallv 
include compounds known in the art as "small molecules" and having molecular 

5 weights less than 10 daltons. prelcrahlv less than 10' dallons and still more prcferahlv 
less than I'l' daltons. for example, members ot a librarv ot" test compounds can be 
administered to a plurality ot samples, each containing at least one DSP- 1 2 or DSP- t o 
pol\ peptide as provided herein, and then assaved tor their abilitv to enhance or inhibit 
DSP-I2- or I )SI > - 1 ^-mediated dephosphorv tation ot. or binding to. a substrate. 

(i Compounds so identitieJ as capable ot inlluencing DSP-12 or DSP-I .> function (eg. 
pln>sphot\ rosiue and or phosphoserinc threonine dephosphorv lation ) are \aluable for 
therapeutic ami ot diagnostic purposes, since thev permit treatment and or detection ot 
diseases associated with DSP- 1 2 or DSP-lo activitv. Such compounds are also 
\aluable in research directed to molecular signaling mechanisms that in\ol\e DSP- 1 2 

5 or DSP-I C and to retmements in the discoverv and development ot future DSP-12 or 
I )SP- 1 ^ compounds exhibiting greater speci ticit\ . 

Candidate agents further mav be provided as members ot a 
combinatorial librarv. which prelerablv includes svnlhelic agents prepared according to 
a plurality of predetermined chemical reactions performed in a plurality ot reaction 

0 vessels, for example, various starting compounds mav be prepared employing one or 
more ot" solid-phase synthesis, recorded random mix methodologies and recorded 
reaction split techniques that permit a given constituent to traccahb undergo a plurality 
ot permutations and or combinations of reaction condition^, j he resulting products 
comprise a librarv that can be screened tollowed bv iterative selection and svnthesis 

^ procedures, >uch as a svnthetk combinatorial librarv oi peptides (sec eg. 
PCI I S l M UX^M. PCI fS l )| i)4h(M\ which are herein incorporated bv reference in 
their entireties) ui other compositions that mav include small molecules as provided 
herein i^ee «■ - PC U VM I >XM.\ f P (C^ MM I ^ -^>^n>" I \ ^vu i s 
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mav he prepared according to established proeedures. and tested using DSP-12 and or 
I )Sl > - 1 ; according to the present disclosure. 

In certain embodiments, modulating agents mav he identified hv 
combining a candidate agent with a DSP-12 or DSP-I > polvpcptidc or a polv nucleotide 

5 encoding! \uch a polv peptide. /// vitro or /// vivo, and evaluating the etlect ot the 
candidate agent on the DSP-12 or DSP-I > phosphatase activitv using, lor example, a 
represetitati\ e assav described herein. An increase or decrease in phosphatase activitv 
can be measured bv performing a representative assav provided herein in the presence 
and absence of a candidate agent. Hrietl). a candidate agent max be included in a 

(! mixture of active DSP- 12 or DSP-i .> poi\ peptide and substrate (eg. a phosphor) lated 
\1 AP-kinasc). with or without pre-ineuhation with one or more components ol the 
mixture. In general, a suitable amount of antibod) or other agent for use in such an 
assav ranges from about 0.01 p\1 to about 100 uM. I he effect of the agent on DSP- 1 2 
or DSP-M activitv mav then be evaluated bv quant hating tlie loss of phosphate from the 

5 substrate, and comparing the loss with that achieved using DSP- 1 2 or DSP-M without 
the addition of a candidate agent. Alternative!), a coupled kinase assav ma) be used, in 
w Inch I )SP- 1 2 or I )SP- 13 activ it) is indirect I v measured based on \1 AP-kinasc activ it) , 
Alternativ el) . a polv nucleotide comprising a DSP-12 promoter opcrahl) 
linked to a DSP- 12 coding region or reporter gene ma) be used to evaluate the effect ol 

0 a test compound on DSP-I 2 transcription. Similarl). a polv nucleotide comprising a 
DSP- 1 3 promoter operabl) linked to a DSP- 1 3 coding region or reporter gene ma) be 
used to evaluate the effect of a test compound on DsP-| transcription. Such assav s 
ma\ be performed in cells that express DsP-12 or |)s|»-| - cndogcnousl) o g human 
ktdnev oi liven or in cells lunstcctcd with an expression vector comprising a DSP-12 

^ promoter or a DSP-I> promoter linked to a reporter gene. I he ellecl ot a test 
compound ma) then be evaluated b) assav ing the effect on transcription of DSP-I 2 (or 
DSP-Im or the reporter using, lor example, a Northern blot analysis or a suitable 
re p* «! "ter act i v itv assa\ 



an appropriate substrate, for example, appropriate eel Is </c . cells that express DSP- 1 2 
or DSP- 1 ^) may be traiisfccted with a substrate-dependent promoter linked to a reporter 
gene. In such a system, expression of the reporter gene (which may he readily detected 
using methods well known to those ol ordinary skill in the art I depends upon actuation 
5 of substrate. I )ephosphor\ lalion of substrate may be delected based on a deerease in 
reporter activity. < 'andidale modulating agents ma> be added to such a system, as 
described abo\e. to e\aluate their effect on DSP-12 or [ >S I*- 1 aeti\ ity. 

I he present invention further provides methods for identifying a 
molecule that interacts with, or binds to. DSP-12 or DSP-I v Such a molecule 

10 gciKuillv associates with DSP-i2 or DsP-1 with an affinity constant (kj of at least 
10*. preferably at least 10". more preferably at least {()' . still more preferably at least 
10 and most preferably at least I0\ Affinity constants may be determined using well 
known techniques. Methods tor identifying interacting molecules may be used, lor 
example, as initial screens for modulating agents, or to identity factors that are involved 

15 in the /// vno DSP- 1 2 or I )SP- 1 > activ ity . I echmques for substrate trapping ot I )SP-I 2 
or DSP-1 > variants are also included In addition to standard binding assays, there are 
manv other techniques that are well known tor identifying interacting molecules, 
including \east tvvo-hvbrid screens, phage display and affinity techniques. Such 
teehniques ma\ be performed using routine protocols, which are well known to those of 

20 ordinarv skill in the art (mv. e./e . Harlel et af. In ( 'clluLiy Iiitcracttofis ui I h'w/opnh'M. 
A Priu -tii-al Appnuh D.A. Karlev. ed.. ( Ktord Dniversity Press {Oxtord. I k), pp. 
ls;_|7g Withm these and other techniques, proteins may be phosphorated 

prior to assay ing for interacting [golems. 

Within other aspects, the present invention provides animal modcU in 

2 ^ w Inch an animal either does not express a functional I )SP- 12 i or I )SP- 1 ^ }. or expresses 
an altered DSP-12 (or DSP-I Such animals may be generated using standard 
homologous recombination strategics. Animal models generated in this manner may be 
used to stud\ ac 1 1\ it ies < A |)S P- 1 . a I )SP- I > p. A\ peptides in. j m> - hil-itm.- o nt- - 



Ml ! ! |( i| )s I i )K I )! I'Hi isl'I It 1 \ i l\< , \ Si um k \ I! 

In another aspect of the present invention, a DSP-12 polypeptide mav he 
used for dephosphorv kiting a substrate ot I )SI*- 1 2. or a DSP-I> polypeptide mav be 
used lor dephosphor\ lating a suhstrale of I )SP- 1 A In one embodiment, a substrate mav 

> be dephosphorv lated /// viint h\ incubating a DSP-12 or DSP-|.> polypeptide with a 
substrate in a Mutable buffer u 'g . Iris, pll 7. A I m\l 11)1 A. I niM dithiothi eiloL i 
mg ml bovine serum albumin) tot 10 minutes at M) ( . Any eompound that can be 
dephosphorv lated bv DSP-12 or DSP- 1 /A such as a M AP-kmase. mav be used as a 
substrate. In general, the amounts of the reaction components may range from about >0 

0 pi: to about :"m! rig of DSP- 12 or DSP-i ^ poi\ peptide and from about 10 ng to about 10 
ug ot substrate. 1 )cphosphor\ lated substrate may then he purified, lor example. by 
affinitv techniques and or gel electrophoresis. I he extent ot substrate 
dephosphorv lation may generally he monitored by adding [y- P|labeled substrate to a 
test aliquot, and evaluating the le\el ot substrate dephosphorv lation as described herein. 

•> 
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Modulating agents ma\ be used to modulate cellular responses such as 
cell proliferation, differentiation and survival, in a variety of contexts, both /// vivo and 
/;/ vitre. In general, to modulate such a response, a cell is contacted with an agent that 

0 modulates DSP-12 or DSP-H activity, under conditions and lor a time sufficient to 
permit modulation ot DSP-12 or DSP-13 activity. Agents that modulate a cellular 
response mav tunction in an\ ot a variety ot vvavs. lor example, an agent may 
modulate a pattern ot gene expression t/c. may enhance » -t inhibit expression ot a 
tamib ot genes or genes that ate cxpicssed in a coordinated lashioin. \ variety ot 

^ hy bi idt/ation and amplification techniques are available lor evaluating patterns ot gene 
expression. A Iternat iv ely . or in addition, an agent ma> attect apoptosis or necrosis ot 
the cell, and or mav modulate the functioning, ot the cell c> Je within the cell. ( Vc. 
\shkena/i el aL I owx A u // ( < ■. 2XI:HnA Ihornhcnv et ii v. 



Colls treated as described ahox c may display standard characteristics of 
cells with altered proliferation, differentiation or sur\i\al. In addition, such cells may 
(but need not) display other detectable properties, such as contact inhibition of cell 
growth, anchorage independent growth or altered intercellular adhesion. Such 
5 properties max be detected using techniques that are well known in the art. 

III! K M'l l 1 l( Ml Mini )s 

( )ne or more I )SP- 1 2 or I )SP- 1 3 poly peptides. modulating agents and or 
polynucleotides encoding such polypeptides and or modulating agents max also be used 

i) to modulate I )SP- 1 2 or 1 )SP- 1 > aclix itx m a patient. As used herein, a "patient"" max be 
anx mammal, including a human, and max be afflicted with a condition associated with 
DSP- 1 2 or DSP-13 actixity or max be free oi detectable disease. Accordingly, the 
treatment max be of an existing disease or max be prophylactic. Conditions associated 
w ith DSP- 12 or DSP- 13 actix ity include any disorder associated w ith cell proliferation. 

5 including Duchenne muscular dystrophy, cancer, graft-x ersus-host disease (CVIID). 
autoimmune diseases, allergy or other conditions in which immunosuppression max be 
inxolxed. metabolic diseases, abnormal cell growth or proliferation and cell cycle 
abnormalities. Certain such disorders inxolxe loss of normal M AP-kinase phosphatase 
actixity. leading to uncontrolled cell growth. DSP-12 or DSP-I > polypeptides, and 

0 polx nucleotides encoding such poly peptides, can be used to ameliorate such disorders. 

lor administration to a patient, one or more polypeptides, 
polynucleotides and or modulating agents are generally formulated as a pharmaceutical 
composition. \ pharmaceutical composition may be a sterile aqueous or non-aqueous 
solution, suspension or emulsion, which additionally comprises a physiologically 

^ acceptable earner we a non-to\ic material that does not interfere with the actixity oi 
the aclixe ingredient). Such compositions max be in the form of a solid, liquid or gas 
(aerosol). \ liernat ix clx . compositions ot the present invention max be formulated as a 
!\ ophi 1 1 /ate or eom pounds nee. be en, iP-'i I i'ed xv iih in I mo - , an - ■ ■■ in . ^ ,m i n 



components include, but are not limited to. butters <e ,e . neutral buttered saline or 
phosphate buttered saline), carbohydrates <e e; , glucose, munnose. sucrose or dcxtransj. 
mannitol. proteins. polypeptides or amino acids such as glycine, antioxidants, chelating 
agents such as 11)1 A or glutathione, stahili/ers. dves. tlav oring agents, and suspending 

5 agents and or prescr\ at i\ es. 

Anv suitahle carrier known to those ol Ordinal") skill in the art ma\ he 
employed in the [pharmaceutical compositions of the present invention. Carriers tor 
therapeutic use are well known, and are described. Tor example, in Rcmm^iuns 
Piiiirniaccufical Scictuv.\. Mack Publishing ( o. <A.K. (iennaro ed. I 1 >K5k In general. 

w ilk- i\pe oi carrier is seiected based on the mode ol administration. Pharmuceut ieal 
compositions ma\ be formulated lor any appropriate manner ol administration, 
including. Tor example, topical, oral, nasal, intrathecal, rectal. \aginaL sublingual or 
parenteral administration, including subcutaneous, intravenous, intramuscular, 
intrasternal. intracavernous. intrameatal or mtraurethral injection or infusion. Tor 

5 parenteral administration, the carrier preferably comprises water, saline, alcohol, a tat. a 
wax or a buffer. Tor oral administration. any ol the above carriers or a solid carrier, 
such as mannitol. lactose, starch, magnesium steurate. sodium saccharine, talcum, 
cellulose, kaolin, glveerin. starch dexlrins. sodium alginate, carboxy niethv Icel lulose. 
ethyl cellulose, glucose, sucrose and or magnesium carbonate, max be employed. 

0 A pharmaceutical composition (e.g.. Tor oral administration or delivery 

bv injection) may be in the form ot a liquid (eg., an elixir, syrup, solution, emulsion or 
■ uspciision ). A liquid pharmac cut ical composition may include, tor example, one or 
more o| the following: sterile diluents Mich as water lor injection, saline solution, 
prctcrahlv ph\ sioK >e ic al saline. Kmgei's solution, isotonic sodium chloride, fixed oils 

^ such as svnthetic mono or digh cerides which may serve as the advent or suspending 
medium, polvethvlcnc glvcoK glveerin. propylene glycol or other solvents; antibacterial 
agents such as ben/vl alcohol or methyl parahen: antioxidants such as ascorbic add or 
.odium hisullite: chelating agents such as eth\ lenediaminetetr aac.-n.- i. id" H , ■ r- m i ; 
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disposable svringes or multiple dose \ ials made of glass or plastie. I be use ol 
phv siological saline is preferred, and an injectable pharmaceutical composition is 
preferably sterile. 

I be compositions described herein may be tormulaled ior sustained 

5 release we. a tormulation sueh as a capsule or sponge that elleets a slow release ol 
compound lollowine administration). Sueh compositions may generally be prepared 
using well known technology and administered by. tor example, oral, rectal or 
subcutaneous implantation, or by implantation at the desired target site. Sustained- 
release formulations may contain an agent dispersed in a carrier matrix and or contained 

u within a reservoir surrounded by a rate controlling membrane. Carriers for use within 
such formulations are biocompatible, and may also be biodegradable: preferably the 
tormulation provides a relatively constant level ot active component release. I he 
amount ot active compound contained within a sustained release formulation depends 
upon the site of implantation, the rate and expected duration of release and the nature ot 

5 the condition to be treated or pre\ ented. 

I or pharmaceutical compositions comprising a polynucleotide encoding 
a DSP- 1 2 or l)SP-lo polypeptide and or modulating agent (such that the polypeptide 
and or modulating agent is generated in w"///). the polynucleotide may be present within 
any ot a variety of delivery sy stems know n to those of ordinary skill in the art. including 

0 nucleic acid, and bacterial, viral and mammalian expression systems, lechniques tor 
incorporating DNA into such expression systems are well known to those of ordinary 
skill i n the art. I he I )\ \ ma\ also be "naked." as described, tor example, in I imer et 
al.. \ < >=, , ;^v : ris-r4w. |ow; iin J reviewed by Cohen. V /< >/< e > \(^ I - i^C . 
|w*i I he uptake ot naked D\\ may be increased by coaling the I )\ \ onto 
biodegradable beads, which are cllicicntly transported into the cells. 

Within a pharmaceutical composition, a DSP- 1 2 or DSP- 1 ^ polypeptide. 
po|\ nucleotide or modulating agent may be linked to any ot a variety ot compounds. 
I or example, mk h an agent mav be linked 'o i t ir-'iain ■ ^s - o i m i J 



compound or cell) that, when linked to an aeent enhances the transport of the aeent to a 
target eell or tissue. therein increasing the loeal concentration ol the aivnt lan:ctinLi 
moieties include antibodies or fragments thereol. receptors, brands and other molecules 
that hind to cells oh or in the vicinitv oh the target tissue. An antibodv target inu ayent 

5 mav he an intact (whole) molecule, a fragment thereol. or a functional ecjiii\alent 
thereof ( \amples of antibodv fraLimcnts are I (ah')2. -lab', lab and l|v| fragments, 
which ma) be produced hv corn cut ional methods or bv uenetic or protein engineering. 
I inkaee is yenerallv co\alent and ma\ be achieved bv. for example, direct condensation 
or other reactions, or bv wav of" hi- or multi-functional linkers, I arreting moieties max 

0 be selected based on the cell(s) or tissueO) at which the agent is expected to exert a 
therapeutic benefit. 

Pharmaceutical compositions mav be administered in a manner 
appropriate to the disease to be treated (or prevented). An appropriate dosage and a 
suitable duration and Irequencv ol administration will be determined hv such factors as 

5 the condition of the patient, the tvpe and scverifv of the patient's disease, the particular 
form of the active ingredient and the method of administration. in general, an 
appropriate dosage and treatment regimen provides the agent(s) in an amount sufficient 
to provide therapeutic and or prophylactic benefit (e e an improved clinical outcome, 
such as more frequent complete or partial remissions, or longer disease-tree and or 

0 ov era 1 1 surv iv al ). 1 or prophv lactic use. a dose should be sufficient to prev ent. delav the 
onset of or diminish the scverifv of a disease associated w ith cell proliferation. 

Optimal d^saecs mav L'cncralK be determined iisin^ experimental 
models and or clinical trials, hi general, the amount of pol \ pcpl ide present in a dose, or 
produced /// stiu h\ I )\ A present in a dose, ranees horn about u.di u\i to about Km) ul' 
per ke of host, tvpicallv from about 0.1 ug to about Hi we. I lie use ot the minimum 
dosage that is sufficient to provide effective therapv is usuallv prelerred. Patients mav 
eenerallv be monitored tor therapeutic or prophylactic effectiveness usin^ ussavs 
suitable for the condition Ivine treated or prevented w Inch w iM fv t mnli o t . .. u, , .- > 


I he following Iwamples arc offered b> \\a\ of illustration aiui not b\ 


\\ a\ of limitation 


1 \ AMPI I S 

1 xamplc I 

Cloning and Sequencing cD\ A f ncoding I )SP- 1 2 and I )SP- 1 7 

Ihis I \ample illustrates the cltmiiiL! of cl)\\ molecules encoding 
human l)Sl>-i: and I )S( ) - 1 v 

A conserved sequence motif defining a novel homology domain ot dual- 
specitlein phosphatases was identified as follows: Dual speeitleit\ phosphatases 
belong to the larger lamil\ of protein tyrosine phosphatases (PI IN) that share a 
conserved cataKtic domain contain i a cWeine residue situated N-terminal to a 
stretch ot live \ariahle amino acids followed bv an arginine residue (1 auman et aL 
Irctn/s In Iliotli Sci 21:41 ^417. h)%). DSPs t\picall\ contain a IMP active site 
motif hut lack sequence homoiogv to (MPs in other regions (Jul Dhhhcm. ami Cell 
Dial 75:1 7-2 f>. IW7). I here is. howe\er. no reported consensus sequence that is 
conserved among DSIN. nor is a consensus region apparent from examination of the 
known DSP sequences such as those referred to above, lo derive a longer consensus 
DSP ammo acid sequence motif that would be useful for the identification ot new DSP 
familv members, multiple known human dual-specit icil\ phosphatases sequences were 
aligned and compared, from an alignment of nine amino acid sequences derived from 
nine particular human DSPs having MAP-kinase phosphatase activitv (figure b). a 
candidate conserved homology region was identified. Ihis homoiogv region consisted 
a 24-amino acid peptide sequence, based ^n analysis ot the DM* regions situated on 
cither mJc .<t. and including, the [MP active site signature ni^tit (including tlie 
coiisei v ed catalv tic domain at posit i. wis 17^1 2 K > ot I ig. fx. I luiv a candidate peptide 
hav ing the sequence: 


N( iK\ ] VIK <>\(,hRs(d\l[ Wl \1 M n ID \< >: J 


search cmplovcd an algorithm (thlastn) capable of re\crsc translation ot the candidate 
peptide with iterations allowing tor genetic code de^enerac> within default parameters. 
I he search results identified a portion (nucleotides at positions numbers MoOl to 
sssoo) of the 1 1 1 ( rS entr\ having the accession number lllds \(<H>M>«XI as a 

s candidate M AP-kinase phosphatase sequence encoding a WW kinase phosphatase 
calalvlic domain. H I ( iS \( OONOS I did not include a complete coding region ol an 
expressed nene such as a iienc encoding a DSP- 1 2 ha\ inu \1 AP-kinase phosphatase 
activ it\. nor were the sense strand and open reading frame identitied. 

lo \erif\ that t ho identitied portion ol" the IlldS ACOOXONI sequence 

(l exists as an expressed sequence {i.e.. as transcribed inRNA) in tissues expressing DSP- 
12. Rl-PCR was performed usinp human eDNA re\erse transcribed irom human 
skeletal muscle and testis RNA I he eDNA was screened in 5* and V R A( I (rapid 
amplification of eDNA ends) reactions as described (I rohman et ah. /'roe A(//. Aaui 
\( / / V I S5:SWS. 1WSS: ( )hara et ak. i'roc Xaf Aunt '. Si i ( S I Nfofw.v I I oh et 

5 ak. V/tv/rc 24.V2I7. usinL! 5" RA( I kits (( lontech. Palo Alto. (A; life 

I cehnoloLiies, Inc.. ( laithcrsburi:. Ml)) according to the supplier's instructions, with the 
tollow itiL: primers: 

I)SPI2-(,SP1: 

0 (,(,(!(.( l(i( IliK Kill !(■( 3' SI O II ) N( ): 1 ) 

I )sp| 2-sP P 

< ( ( < \ \( t ,((,(,(.( i ( I ! I \ I ( i \( i < i( \ < .( ; si n II) N< >:!<> 

s R \( I products were amplified Irom the eDN \ mane the-c primers, 

indicating: that sequences complementary to the portion ot 1 I 1 ( iS \( nuSuS I idenitiled 
in the thlastn search were present in the eDN V Sequence inform atmn upstream and 

.1 , - , r . 1, , ■ tm f r- mii tin' , ^ • r,:.a • ■ r .,r nv -t i f a | | | ( ,S \ ( i mSIoy i - • ,l 1 ! < ' * 
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l>SIM2-( iSI»2: 

5* C( C \CA( iC I I ( i 1 I C I C( CCC I C I I i C( V Sf () |[) \( ); I I 

i)sn:-dsiM: 

5 ^ CC A I I CCA I I ( AC \C( ( C AC A I A \ \( i A I ( i\ l( C A A V 

Si O M) NO: 12 

DSPI2-CSIM: 

5' ( «( i \( i( I !(.(.( I "I IC A ICAC (.((.( I (CO 2" SI O ID NO: I s 
l)S|>|2re\OSIM: 

5'-dC A OAC AC A (AC (AC CC I CCA CCA (.((->' SI O II) \( ): 14 
l)SIM2-SIVv 

15 5" CO 1 ( .( iA( i( r \( .AC ( i( i A A \( i( .( i AC i( i( i( V SI O II) \( ): I 5 

I )SR I 2-SR7: 

5' (](.(i.\(i( A(](.(i Add IC(,CCC( ACC II 2' SI (J ID NO: In 

20 Sequences ol ihe resulting K AC 1 products indicated the presence in the 

cDNA of an open reading frame (figure I. SI O II) NO:l) encoding a DSR-12 

po|\ peptide m( \\' amin^MuJs (| i-urc 2. S[ o ID \( );2 i. 

Repeat in L l the 1 1 I ( iS data ha sc -cai Ji with the I )SR- 1 2 catal> tic domain 
sequence, as described aho\e ihiiiL' the thiamin algorithm, indicated that portions id the 
A s genomic DN A sequence database entr\ ha\ mil: accession number 1 1 I C iS \C00^0|0 
could also encode portions ot the DSR-12 polypeptide sequence. Additi* aiall) . 
search i nc the 1 1 I ( iS database with the I )SR- 1 2 a^ I w c site domain amino acid sequence 
as described ah. >\ e idoni i bed n. ^-m i |i IM'.P oi J ■ I in,- . ., - n ■ . . v .. o 


c!)\ A (SI () ID \<);1 ) and H I (iS \( (HOIS 1 ). however, rexcaled an unexpected device 
of sequence di\ crgence on oilhcr side of the regions of high homology (fig, 7)_ 
Sequence analysis of 1 1 I ( i S AC 01 (UNO w as therefore performed to determine potential 
DSP coding regions of At 0 I 0 1 NO. and the following primers were prepared lor 5' ; " 
s RAC \ screening of human cDNA (reverse transcribed from human skeletal muscle) as 
described abo\ e: 

DSN MiSIM : 

(Kl U ( A(.l l( j I ( I ( \ I ( i A AC i( I ICCiOl !(.(,( i V 
10 SI O II) N ( ) : I 7 

DSIM -CrSiM: 

5" (.(.(.( I I ( H i I I AC CM 1 1 1 ( ( i I ( I I I (II 1 ( AC A 1 \( 1 1 ( A V 

Si (,) ID NO: IS 

15 DSP 1 }-( iSP.v 

i( i A I ( AC I A l( A I IK A I l(il( I \ I AAA I 1 ( ( I I ( i A A I I C C C( ,C- V 

SI () ID \< ): 10 

DSPA-C.SP4: 

20 5" I ( i A Al I C ( C C,C A \(.l I C ,C AC AC C A I 1 Id V S| () ll)N():]() 

DsPI -SIM: 

c it i \ \ ! \ f(i(i(i(i(i\ \ it i ( i( i \ ( ( (i i \ h i \ r 

s| (.) ID \( >M 1 

2 s 

DSPI ;-sl»5: 

^ 1 1 i It A \ \t . \ \ \( , \t ( , \ \( t ,( , I \ \( ( A \( a t ( \\( v 

vl M Hi v [I ^ 


Sequences of the resulting RAC1 products indicated the presence ol an 
open reading frame (figure v M U ID \<>:5) encoding a distinct polypeptide referred 
to herein as DSP-I v 1 he DSR-H polypeptide is homologous to. hut distinct from. 
DSP-12. A DSP-I > polypeptide of 5(> l > amino acids is shown in I -igure 4 iSIO ID 
s N( >:n|. Additional K \( I products that were obtained and sequenced revealed the 
presence of a DSP- 1 ^ alternate splice \ariant. the DY\ sequence (I ig. > \. SI () ID 
N( ):7) and 24 I amino acid polypeptide sequence (fig. 5B. SI ( ) II) \( ):S» of which are 
shown in figure 5. 

1 he sequences of I )S| ) -I 2 and I )SP- 1 > had significant homology to other 
H» \i AP-kmase phosphatases (I igure M. DSP-12 and DSI'-M share a common active site 
domain (I ig. 7. positions .^5-415) ha\ ing the amino acid sequence: 

CI VIK KM(.\ SRS \SI \ \ \\ \\i SI O ID NO:3 

15 Semiquantitative RI-i'CR analyses were performed. I hese analyses 

showed detectable DMM2 and DSP-lo encoding niKNAs m RNA samples from all 
human tissues analyzed, including hi a t n . thymus, placenta, skeletal muscle, heart. Ii\er. 
pancreas, testes and adipose tissue. 

20 I torn the loregoing. it will he appreciated that, although specific 

embodiments of the invention have heen described herein tor the purpose of 

illustration, various modit icutioiis may he made without deviating Irom the spirit and 
H"jv "I the invention Vwrdinelv. the picn'Ml invention i< not I imited except > h\ 
the appended claims. 


